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Introduction 

Climate change significantly affects global agricultural productivity 

by intensifying various abiotic stresses such as drought, salinity, 

extreme temperatures (including heat, freezing and chilling) and 

heavy metal stress. Abiotic stress affects plants throughout their life 

cycle, particularly during growth and development (1) and 

ultimately leads to a reduction in crop yield worldwide (2). The 

specific impacts of abiotic stress vary depending on the crop, type of 

stress and duration of exposure. For example, in salinity conditions 

compared to rice, wheat exhibits greater tolerance. The grain quality 

and baking quality are also less affected in wheat compared to rice 

under similar conditions (3). Under these circumstances, one of the 

most significant challenges facing the global agricultural sector is 

achieving agrarian sustainability, which involves minimizing stress-

induced crop losses while maintaining productivity for the global 

population (4). This could be accomplished by developing 

technologies and practices that increase food productivity without 

negatively impacting the environment (5). Conventional plant 

breeding techniques like direct selection are a lengthy process, 

improving abiotic stress resistance in crops. Alternative techniques 

like genetic engineering, seed priming and plant tissue culture have 

significant potential for mitigating abiotic stresses and enhancing the 

yield of crops. These methods not only increase germination and 

growth rates but also protect plants against abiotic and biotic stresses, 

which is crucial for agricultural productivity as we face climate change. 

Another technique, known as biopriming, involves treating seeds with 

beneficial microorganisms, like bacteria or fungi before planting (6). 

These microorganisms help to increase germination and protect the 

seeds from various biotic and abiotic stresses (7, 8). This review provides 

an in-depth discussion of seed biopriming techniques, highlighting their 

advantages and applications.  

Effect of abiotic stresses on crop plants 

Abiotic stress causes physical, morphological, biochemical and 

cellular changes in plants, which ultimately affects their growth 

and development and leads to significant yield losses (9). The 

impact of various abiotic stresses is explained in Table 1. 
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Abstract  

Abiotic stresses such as drought, salinity, high temperatures and heavy metal toxicity significantly reduce crop yield and threaten global food 

security. Seed biopriming is an eco-friendly and sustainable pre-sowing strategy that enhances plant resilience to these environmental 

challenges. It involves the use of beneficial microorganisms to colonize seeds, triggering physiological, biochemical and molecular adaptations. 
Biopriming enhances seed germination, seedling vigour, root architecture and improves nutrient uptake by activating stress-responsive signalling 

pathways, antioxidant defence mechanisms, accumulation of osmolytes and production of secondary metabolites and plant hormones such as 

cytokinins and indole-3-acetic acid (IAA). Additionally, it promotes systemic resistance, leading to improved growth of plants and survival under 

adverse conditions. Compared to other priming methods, biopriming offers long- term benefits by establishing beneficial microbial associations 
that support plant health throughout the growth cycle. This review highlights the microbial agents used for biopriming, mechanism of action, 

benefits and current research trends of seed biopriming as a sustainable approach to mitigate abiotic stress in agriculture. Understanding and 

optimizing this approach can significantly contribute to sustainable agricultural practices by reducing reliance on chemical inputs, thereby 

preventing environmental hazards, ensuring food safety and mitigating the effects of climate change.   
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Salinity stress  

Salinity refers to the concentration of dissolved salts in soil or 

water, which can negatively impact plant growth and soil 

properties by disrupting ionic equilibrium and osmotic regulation. 

It poses a significant risk to agriculture, affecting approximately 1.4 

billion hectares about 10 % of the Earth's total land area (10). This 

issue not only reduces crop productivity but also deteriorates soil 

properties. Salinity increases due to several factors, including the 

melting of glaciers, which drives saltwater into inland coastal 

regions; climate change-induced heat stress, which lowers 

groundwater levels and leads to higher salt concentrations in the 

soil and the excessive use of chemical fertilizers, which further 

exacerbates the problem (11, 12). 

 Plant roots absorb vital nutrients in the form of soluble 

salts, but an overabundance of salts disrupts ion homeostasis, 

ultimately suppressing the growth of plants and their productivity. 

In saline conditions, photosynthetic activity is severely affected. 

Increased salinity directly reduces chlorophyll content and 

decreases the efficiency of photosynthetic electron transport. This 

reduction in photosynthetic activity is due to lowered carbon 

assimilation, as CO2 diffusion into the chloroplast is hindered (13). 

Salt accumulation in plant tissues compromises cell membrane 

integrity and reduces membrane stability (14). Minimal salinity 

may not significantly impact plant growth, but it can severely affect 

reproductive stages, leading to substantial yield loss (15).  

Drought stress  

Water stress induced by climate change poses a significant and 

sustainable risk to agriculture, constraining crop growth and 

productivity, thereby impacting global food security. Drought 

stress fundamentally alters the physio-chemical and biological 

characteristics of the rhizosphere, which affects soil microbial 

activity and crop productivity (16). Stomatal closure is the plant’s 

initial response to drought stress, which affects gaseous exchange 

within plant systems, leading to a reduction in CO2 assimilation 

and consequently reducing photosynthetic activity (13). 

Additionally, drought stress leads to a decrease in chlorophyll 

content due to the activity of reactive oxygen species (ROS), which 

also compromise membrane integrity and stability and induce 

lipid peroxidation (13, 17). Thus, stomatal closure due to drought 

stress severely hampers photosynthetic efficiency, gas exchange, 

plant growth and overall yield. 

Heat stress  

Heat stress refers to the adverse physiological and biochemical 

effects experienced by plants due to exposure to elevated 

temperatures beyond their optimal range. For example, in rice, the 

critical temperature for flowering is approximately 37.2 ± 2 °C; 

temperatures beyond this range severely impact the reproductive 

process. Similarly, in maize, the threshold temperature for 

reproductive processes is approximately 37.9 ± 0.4 °C. Temperatures 

above this level severely affect pollination and fertilization, while 

prolonged heat stress can significantly impair growth, development 

and overall productivity in agricultural systems. Heat stress causes a 

substantial impact on plant growth and yield, causing oxidative 

bursts that damage internal cell organelles and lead to enzyme 

denaturation (18). 

Heavy metal stress   

Heavy metals are a class of dense metallic elements that possess 

high atomic weights and can be toxic or poisonous at low 

concentrations. Heavy metals like cadmium, lead, chromium and 

mercury are significant environmental pollutants that   accumulate 

in the soil due to human activities (19, 20). Heavy metal stress alters 

plant photochemical pathways, reduces photosynthetic pigments, 

inhibits growth and nutrient assimilation and ultimately leads to 

plant death (19, 21). This toxicity leads to the excessive accumulation 

of reactive oxygen species (ROS) and methylglyoxal, resulting in lipid 

peroxidation, protein oxidation, enzyme inactivation and DNA 

damage in plants (20). 

Priming technique 

Many techniques have been used in the 21st century to successfully 
prevent the negative impacts of abiotic stress on plants from the 

seedling to the harvest stage. One of the   most cost-effective and 

efficient ways to diminish the effects of abiotic stresses is seed 

priming, particularly during the crucial seedling phase when plants 

are most vulnerable. Under abiotic stress, this technique improves 

seedling germination as well as morpho-physiological and 

biochemical characteristics (23). Seed priming involves three steps. 

The seeds are first soaked in chosen priming agents for a 

predetermined time. The second phase, referred to as the 

activation phase, is where the synthesis of proteins, protective 

enzymes and the formation of mitochondria take place. The last 

phase is the rehydration phase (24). There are a variety of seed 

priming techniques, each differing based on the material used for 

priming. These techniques include hydropriming, halopriming, 

osmopriming, biopriming, nutri-priming, solid matrix priming, 

magneto-priming and nano-priming (25). The effectiveness of each 

priming technique varies depending on the plant species and 

environmental factors (26). Among all these priming methods, 

biopriming has unique advantages. It not only improves seed 

germination and seedling vigour, but also helps plants to enhance 

disease resistance and stress tolerance.  

Biopriming 

Bio-priming is a pre-treatment technique in which seeds are 

soaked with biocontrol agents or plant growth-promoting 

rhizobacteria (PGPR), such as beneficial bacteria and fungi, to 

reduce the effects of abiotic stress (Fig. 1) (27, 28). Biopriming of 

seeds with beneficial microorganisms increases the hydrolytic 

enzymes activity like amylase and phytase and improves plant 

growth and stress tolerance (29, 30).   

 

S.no Abiotic stress Effect Reference 

1. Drought stress Reduction in plant growth, reduction in photosynthetic activity, causes stomatal closure and 
reduction in yield 

(22) 

2. Salinity stress Reduction in seed germination, affects seedling establishment, affects vegetative growth and 
causes oxidative damage 

(2) 

3. Heat stress Affects plant morphology, physiology, stunted growth, reduced plant biomass and productivity (2) 

4. Heavy metal stress 
Alters plant photochemical pathways, reduces photosynthetic pigments, inhibits growth and 

nutrient assimilation and ultimately leads to plant death 
(19, 21) 

Table 1. Impact of various abiotic stresses on crop plants  
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Benefits of biopriming over other priming methods  

Biopriming is emerging as a valuable biological tool with many 

benefits in agriculture. Bio primed seeds, have high carbohydrate 

levels, giving plants a significant advantage in waterlogged 

conditions (31). While several priming techniques help to reduce 

abiotic stress, biopriming effectively reduces both biotic and abiotic 

stresses (32). Additionally, biopriming improves soil health by 

boosting beneficial microbial activity and enhancing nutrient uptake 

in plants.  Its eco-friendly nature further distinguishes it from other 

priming methods. Compared to other priming methods, biopriming 

not only improves seed germination rates but also protects seeds 

from soil and seed-borne pathogens. Although seed hydration 

during priming may inadvertently promote microbial growth, the 

integration of antagonistic microorganisms offers an eco-friendly 

strategy for disease management (33, 34). Additionally, some 

biocontrol bacteria establish themselves in the rhizosphere directly 

and indirectly enhance plant health (27). Research shows that seed 

biopriming is more effective than conventional methods such as 

pelleting and film coating (35). In recent years, biopriming with plant 

growth-promoting rhizobacteria (PGPR) has become an integral 

practice in modern agriculture (36). In summary, while various 

priming techniques help in abiotic stress, biopriming's ability to 

tackle both abiotic and biotic stressors highlights its significance. Bio 

primed seeds offer an advantage during the early stages of 

germination due to their rich carbohydrate reserves, which enhance 

plant resilience under waterlogged conditions (31). Additionally, by 

serving as a sustainable alternative to chemical fungicides, seed 

biopriming supports environmentally friendly agricultural practices. 

Therefore, it deserves recognition as a potent biological tool.  

PGPR-mediated biopriming- a solution to alleviate abiotic 

stress in plants  

Biopriming with PGPR is one of the least expensive and eco-friendly 
approaches and it helps to improve seed germination, seedling 

vigour and mitigate abiotic stress (37, 38). The plant rhizosphere 

hosts a diverse community of microorganisms that contribute to 

plant growth and survival (39, 40). Several PGPR strains, including 

Pseudomonas spp. (41), Enterobacter spp. (42), Bacillus spp., 

Azotobacter spp. (43–45) and Azospirillum spp. (46) have been 

isolated and characterized as effective biopriming agents. These 

microorganisms enhance stress tolerance, promote nutrient uptake 

and improve seed germination (Table 2) (47). 

 Biopriming with PGPR increases the activity of hydrolytic 

enzymes, ROS detoxifying enzyme activity and the internal plant 

hormone response that protects the plant from biotic and 

abiotic stress (38). 

Mechanisms of biopriming against abiotic stress  

Antioxidant enzyme activation 

Superoxide dismutase (SOD) serves as the first line of defense in 

plants against ROS and plays an essential role in mitigating oxidative 

stress caused by abiotic factors. It is an important antioxidant 

enzyme that converts superoxide radicals (O2) into hydrogen 

peroxide (H2O2) and oxygen (O2) (65). Seed priming with T. hamatum 

improved the performance of wheat seeds under salt stress, 

showing a 141 % increase in SOD activity (66). The activation of SOD 

through biopriming or other stress conditions enhances the plant’s 

ability to cope with climatic challenges, ultimately leading to 

improved growth and resilience. Ascorbate peroxidase (APX) plays a 

crucial role in plants by detoxifying hydrogen peroxide (H₂O₂) using 

ascorbate as an electron donor.  A study with the bacterial strain SH-

8 showed a significant increase in APX levels in wheat under drought 

stress, which helps the plants to manage oxidative damage caused 

by drought (52).  Catalase (CAT) plays a key role in managing H2O2, 

preventing the formation of hydroxyl radicals and protecting cellular 

components. It breaks hydrogen peroxide into harmless water and 

oxygen. Biopriming wheat seeds with Trichoderma hamatum 

showed 110 % higher CAT activity under salt stress (66). Peroxidase 

(POX) plays a significant role in detoxifying hydrogen peroxide and is 

often upregulated in response to biopriming. For instance, a study 

showed that priming with Pseudomonas fluorescens increased POX 

activity in rice (67). This enzymatic activity has a significant role in 

managing oxidative stress, particularly under abiotic stress 

conditions. 

Phytohormonal modulation 

The majority of PGPR can produce phytohormones and 

signalling compounds that resemble those synthesized by plants 

(68, 69). These hormones include indole acetic acid (IAA), 

gibberellic acid (GA), cytokinin and abscisic acid (ABA) (70).  

 

Fig. 1. Seed priming with PGPR: Process overview.  
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 Table 2. Different biopriming agents, their potential mechanism against abiotic stress  

S. No Crop Biopriming agent Crop response Reference 

Drought 

1. Soybean Priestua endophytica RAE-11 

•Increased shoot length, root length, RWC, total chlorophyll content, 
peroxidase activity and reduced H2O2 levels. 

•Phytohormone production, nutrient acquisition and antioxidant 
modulation. 

(48) 

2. Rice Bacillus pumilus sh-9 

•Improved germination metrics were observed up to 15% PEG, with 
reductions at higher stress levels. At 35% PEG, germination was 

entirely inhibited. 

•Synthesis of phosphate solubilization and production of 
siderophores, sucrose, EPS and Phytohormones (IAA and ABA) 

(49) 

3. Chickpea 
Bacillus licheniformis(CPJN13S) 
Pantoea agglomerans (CPHN2) 

•Improved germination percentage, leaf water status, survival 
percentage and accumulation of proline under drought stress 

conditions. 

•Decrease in oxidative stress markers viz., MDA and H2O2 

•Enhanced water uptake, osmoprotection and increased antioxidant 
activity. 

(50) 

4. Soybean 

 Pantoea agglomerans (MH304295),  
Bacillus subtilis (MH304311), 
Bacillus cereus (MH333217) 
and Bacillus licheniformis  

(MH304284) 

•Improved drought tolerance, increased root and shoot length, 
proline content, SOD, POD and CAT activities. 

(51) 

5. Wheat 
Klebsiella aerogens 

Strain SH-8 

•Drought tolerance is increased by 20% 

•Improved Germination potential, seed vigour index, Shoot length 
and root length. 

•Production of phytohormones viz., ABA and IAA 

•Enhanced antioxidant enzyme activity ( CAT, SOD and APX) 

•Production of EPS and siderophores for better nutrient uptake and 
protect from microbial diseases. 

(52) 

6. Maize Enterobacter ludwigii (OM757882) 

•Enhanced drought tolerance, Germination potential is increased by 
80% under drought stress induced by 20% PEG 6000, Improved seed 
vigour index, germination rate index, antioxidant enzyme activities 

such as CAT, SOD and APX, 

•Production ABA, IAA and Sucrose, High phosphate solubilization and 
siderospore production, Production of EPS aiding in biofilm formation 

for root attachment and stress resistance. 

(53) 

7. Mung bean 
Mixture of Pseudomonas 

fluorescence and Rhizobium 
phaseoli 

•Improved plant height, number of leaves and root length 

•Increased antioxidant activities viz., SOD, POD, CAT, ascorbic acid 
and phenolic contents. 

•Alleviate drought stress by enhancing antioxidant defence system, 
regulating ROS, Boosting nutrient uptake in roots and 

shoots.Reducing ethylene production via ACC- deaminase enzyme 
activity. 

(54) 

8. Petunia Serratia plymuthica MBSA-MJ1 

•Increased shoot biomass by 45%, significant increase in flower 
numbers, shoot biomass by 26%. 

•Production of osmoprotectants viz., proline and glycine betaine. 

•Enhanced plant oxidative stress defence mechanism, nutrient 
uptake by root colonization. 

•Promoting overall plant growth and stress resilience via secreted 
proteins and vitamins.( e.g., B- vitamins like thiamine and riboflavin) 

(55) 

9. Maize 

Pseudomonas aeruginosa 
Enterobacter cloacae 

Achromobacter xylosoxidans 
Leclercia adecarboxylata 

  
  

•Improved root, shoot growth, chlorophyll a, total chlorophyll and 
carotenoid content under drought conditions, increases in yield per 

plant, photosynthetic rate and stomatal conductance. 

•Reduction in electrolyte leakage, Ethylene regulation through ACC- 
deaminase activity. 

•PGPR colonizes root and improves uptake of water and nutrients. 

•Increased IAA production and root growth. 

•Enhanced solubilization of phosphorous and potassium. 

  
(56) 

  

10. Cumin 
Pseudomonas fluorescence, 

Trichoderma hazarium 

•Improved seed germination, seedling establishment and increased 
shoot length under stress 

•Increased APX, CAT in seeds, improved root length and increased 
leaf soluble proteins 

(57) 

https://plantsciencetoday.online
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 Plant hormones help plants to adapt to abiotic stress by 

regulating their physiology and molecular responses (71). PGPR seed 

biopriming improves crop growth by improving phytohormone 

levels such as GA3, cytokinin and auxins. While phytohormones 

released by PGPRs or plants after inoculation have been linked to 

stress tolerance, the exact mechanism remains unclear (72). These 

phytohormones promote root development, shoot growth and crop 

biomass, while also reducing abiotic and biotic stress (Fig. 2) (73).  

Indole-3-acetic acid (IAA) 

IAA is one of the prevalent hormones synthesised by nearly 80 % of 

soil microbes, including many strains of Pseudomonas, Bacillus, 

Burkholderia and Rhizobium species (74, 75). Numerous studies have 

highlighted the importance of IAA-producing PGPR in promoting 

plant growth and enhancing crop yield, particularly in challenging 

conditions like saline soils resulting from extensive agrochemical use 

(6, 76, 77) or drought (78, 79). Most of the PGPR can produce IAA, 

which stimulates root growth, root surface area and biomass. This 

increases the uptake of nutrients and overall growth of plants, 

especially under nutrient-deficient conditions (80). Higher 

concentrations of IAA promote lateral root development, which 

facilitates mineral absorption and fosters the production of root 

exudates, thereby enhancing bacterial colonization. 

 Indole-3-acetic acid (IAA) is known for its impact on the plant 

growth and development including cell elongation, formation of 

vascular tissues and apical dominance (81). Additionally, under 

abiotic stress, this plant hormone promotes root meristem initiation 

and enhances plant stress tolerance (82). A study found that wheat 

seeds treated with Bacillus subtilis, an IAA-producing bacterium, 

showed increased tolerance to saline conditions (83). In another 

research with, IAA producing- Bacillus megaterium and Bacillus 

licheniformis induced drought tolerance in wheat by increasing the 

germination index (11-46 %) promptness index (16-50 %), seedling 

vigour index (11-151 %), fresh weight (35-192 %), dry weight (58-226 

%), relative water content, photosynthetic pigments (chlorophyll a, b 

and carotenoid) and osmolytes (protein and proline content) (84). 

 

Salt 

11. Maize 
Pseudomonas geniculate 

MF-84 

•Increased shoot and root length, fresh and dry biomass of maize 
even under salt stress conditions. 

•Increased chlorophyll, carotenoid content, proline and soluble 
sugars. 

•Reduced uptake of harmful sodium ions 

•(Na+) and increased uptake  of beneficial potassium ions (K+) and 
calcium ions (Ca+) 

•Stress alleviation through production of IAA to stimulate root 
development. 

•Production of EPS improves soil structure and binds Na+ reduce the 
availability to plants. 

(58) 

  Tomato Bacillus paralicheniformis 
•Improved speed of germination, germination percentage, seedling 

length, drymatter 

•Increased IAA production 

(59) 

12. Maize Bacillus sp. MGW9 

•Improved germination energy, germination percentage,seedling 
length under salinity conditions. 

•Increased RWC, proline content, SOD, POD, CAT, while decreased 
malondialdehyde content. 

(45) 

Heat 

13. 

Tomato, 
redgram, 
soybean 

and wheat 

Bacillus cereus, 
Serratia liquefaciens, 

Pseudomonas fluorescens 
 and Pseudomonas putida 

  

•Increase in ACC-deaminase production, phytohormone level and 
antioxidant defense systems 

(60) 

14. Soybean Bacillus tequilensis SSB07 

•Increase in Gibberellins, IAA and ABA contents, jasmonic acid and 
salicylic acid contents. 

•Integrated phytohormone production, enhanced anti-oxidant 
enzyme activity. 

(61) 

15. Tomato Paraburkholderia 
phytofirmans 

•Increased chlorophyll content, Increase in sugar content, total 
amino acids, proline and malate. 

•Increased chlorophyll conductance. 

(62) 

Heavy metal 

16. Chickpea Azospirillum brasilense  

•Increase plant growth and improved stress tolerance against 
chromium toxicity. 

•Upregulating gene expression of genes related to stress tolerance 
(CAT, SOD, APX,  and PAL) 

(63) 

17. Rapeseed 

Arthrobacter sp., 
Bacillus altitudinis SrN9 

and 
Bacillus megatherium  

•Increased tolerance against cadmium by producing IAA and 
siderophores 

(64) 

(Table key: RWC- Relative Water Content, PEG- Polyethylene Glycol, IAA- Indole-3-Acetic acid, ABA- Abscisic Acid, EPS- Exopolysaccharides, 
MDA- Malondialdehyde, POD- Peroxidase, CAT- Catalase, SOD- Superoxide dismutase, APX- Ascorbate peroxidase, ACC- 1-aminocyclopropane-

1-carboxylic acid, PAL- Phenylalanine ammonia-lyase)  
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Gibberellins 

Gibberellins regulate plant cell division and elongation, promote 

hypocotyl and stem development and increase leaf and root 

meristem size. Gibberellins not only encourage plant development 

but also help to minimize the adverse effects of drought and salt 

stress on crops by boosting water availability. The gibberellic acid 

signalling system consists of DELLA proteins, which are factors that 

inhibit plant development during stress (82). 

Cytokinins 

Cytokinins regulate physiological processes including senescence, 

cell division, seed germination, root development, chlorophyll 

buildup and leaf area. Cytokinins not only regulate plant growth but 

also improve abiotic stress tolerance (85). In a study, soybean plants 

inoculated with Azospirillum brasilense, cytokinins delayed 

senescence and increased water retention under drought conditions 

(52).   

Abscisic acid (ABA) 

Some PGPR can secrete ABA, which acts in opposition to ethylene in 

regulating plant development and responding to abiotic stress, likely 

by controlling stomatal conductance (86). Research has yielded 

conflicting findings regarding ABA-mediated stress tolerance 

mechanisms, suggesting that outcomes may vary depending on 

both plant type and bacterial type. Certain PGPRs can produce ABA,  

these includes strains of Azospirillum brasilense, Achromobacter 

xylosoxidans, Bacillus licheniformis, Bacillus pumilus and various 

Rhizobium species (87) or act as stimulators of ABA under water-

deficit conditions (88). Under high salinity conditions, PGPR-induced 

ABA signalling triggers the accumulation of ROS, which can activate 

calcium ion (Ca²) channels, leading to stomatal closure and helping 

plants reduce water loss (89, 90). Alterations in ABA-mediated 

signalling pathways play an essential role in the abiotic stress 

tolerance mechanisms of the host plant by activating various 

signalling genes (91). Moreover, certain PGPR can produce 

polyamines that improve root structure and boost both stomatal 

conductance and photosynthesis. For example, Arabidopsis plants 

treated with a strain of Bacillus megaterium that produces 

spermidine showed lower levels of ROS and increased ABA 

biosynthesis. 

Ethylene  

Some plant growth-promoting rhizobacteria (PGPR) have a special 

enzyme called 1-aminocyclopropane-1-carboxylate (ACC) 

deaminase. This enzyme helps to break down plant ACC (92), 

which is crucial because it can neutralize ethylene production by 

converting ACC into ammonia and α-ketobutyrate. Some notable 

PGPR strains that carry this enzyme include certain types of 

Pseudomonas oryzihabitans, Bacillus amyloliquefaciens and 

Burkhoderia phytofirmans, which encourage the growth of host 

plant roots (80). When plants are inoculated with these ACC-

deaminase-producing strains, they tend to thrive even in 

challenging environmental conditions, such as salt stress in rice, 

wheat, rapeseed, beans and tomatoes (6, 76, 77, 93, 94, 95) as well 

as drought stress in artichokes, maize and millet (56, 96, 97).  

Nutrient mobilization 

PGPRs can reduce the supplementation of nitrogen required for 

plant growth. They can be achieved directly by nitrogen fixation 

and mobilization and indirectly by supporting nitrogen-fixing 

bacteria through anatomical modifications of the root and root 

secretions. This help provided by PGPR plays a key role in 

enhancing nitrogen availability for plants, which in turn supports 

their growth and development. (68, 69, 98). Certain PGPR boost 

nitrogen availability indirectly by helping to increase the surface 

area of the root and changing the root structure (80). 

Secondary metabolites 

The rhizosphere is the region where soil microbes, like bacteria, 
fungi, viruses and archaea are in interaction with plant roots (99). 

Among these microorganisms, bacteria are present in greater 

numbers (100). Various secondary metabolites and root exudates 

facilitate the complex relationship between microbes and plant 

roots. Mediated by sugars, amino acids, organic acids and 

flavonoids, serving as chemical attractants in the rhizosphere 

region. They play a dual role, attracting beneficial soil microbes 

while repelling harmful phytopathogens. This delicate network of 

signalling regulates interactions crucial for the health and growth 

of plants (70).  

 

Fig. 2. Mechanisms involved in seed biopriming against abiotic stress.  
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Conclusion and Future Perspectives   

Seed biopriming has emerged as a promising and eco-friendly 

technique to improve crop performance under abiotic stress 

conditions such as drought, salinity, extreme temperatures and 

heavy metal toxicity. By combining the benefits of traditional 

seed priming with the functional advantages of plant growth-

promoting microbes, biopriming enhances early seedling vigour, 

improves germination rates and strengthens the plant's 

physiological, biochemical and molecular responses to stress. 

These include enhanced antioxidant activity, osmolyte 

accumulation, improved nutrient uptake and modulation of 

stress-responsive genes. This method is not only cost-effective 

and scalable but also aligns with sustainable agricultural 

practices by reducing dependence on synthetic agrochemicals.  

Despite its potential, challenges remain in improving the 

storability of bio primed seeds and maintaining the viability of 

the microbial population on them.  Furthermore, integrating 

biopriming with advanced technologies could open new 

avenues for maximizing its efficacy. Thus, seed biopriming 

stands out as a key innovation in sustainable crop management 

with significant implications for improving resilience to abiotic 

stress. Continued interdisciplinary research and technological 

development will be pivotal in translating this potential into 

widespread agricultural applications.   
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